The effects of stress, including their putative contribution to pathological psychiatric conditions, are crucially governed by the age at which the stress takes place. However, the cellular and molecular foundations for the impact of stress on neuronal function, and their change with age, are unknown. For example, it is not known whether 'psychological' stress signals are perceived by similar neuronal populations at different ages, and whether they activate similar or age-specific signaling pathways that might then mediate the spectrum of stress-evoked neuronal changes. We employed restraint and restraint/noise stress to address these issues in juvenile (postnatal day 18, [P18]) and adult rats, and used phosphorylation of the transcription factor CREB (pCREB) and induction of c-fos as markers of hippocampal neuronal responses. Stress-activated neuronal populations were identified both anatomically and biochemically, and selective blockers of the stress-activated hippocampal peptide, corticotropin-releasing hormone (CRH) were used to probe the role of this molecule in stressinduced hippocampal cell activation. Stress evoked strikingly different neuronal response patterns in immature vs adult hippocampus. Expression of pCREB appeared within minutes in hippocampal CA3 pyramidal cells of P18 rats, followed by delayed induction of Fos protein in the same cell population. In contrast, basal pCREB levels were high in adult hippocampus and were not altered at 10-120 min by stress. Whereas Fos induction was elicited by stress in the adult, it was essentially confined to area CA1, with little induction in CA3. At both age groups, central pretreatment with either a nonselective blocker of CRH receptors or the CRF 1 -selective antagonist, NBI 30775, abolished stress-evoked neuronal activation. In conclusion, hippocampal neuronal responses to psychological stress are generally more rapid and robust in juvenile rats, compared to fully mature adults, and at both ages, CRH plays a key role in this process. Enhanced hippocampal response to stress during development, and particularly the activation of the transcription factor CREB, may contribute to the enduring effects of stress during this period on hippocampal function.
Introduction
It is well established that the effects of stress on the central nervous system vary as a function of the age at which stress is imposed (reviewed in McEwen, 1 Sanchez et al., 2 Welberg and Seckl, 3 Avishai-Eilner et al., 4 Levine, 5 Miller and O'Callaghan 6 and Fenoglio et al. 7 ). For example, prenatal stress has been shown to 're-program' or 'imprint' both neuroendocrine and behavioral responses to subsequent stress throughout the lifetime (see Avishai-Eilner et al., 4 Fenoglio et al., 7 Wadhwa et al., 8 Welberg et al. 9 and Weinstock 10 for recent reviews). Neuroendocrine activation in response to stress also varies as a function of age. For example, early in postnatal life, hormonal responses to some stressors may be lower than during adulthood. 5, 11, 12 In addition, the 'adolescent' period has been characterized by enhanced sensitivity to the effects of stress, with potential relevance to the pathophysiology of addictive behaviors and/or schizophrenia. 13, 14 Finally, during aging, stress-evoked glucocorticoids may provoke more profound loss or dysfunction of neurons. [15] [16] [17] [18] [19] Focusing on the effects of stress on the hippocampal formation, age-dependent consequences of 'psychological' stress may be governed by the maturity of stress-responsive hippocampal circuits [20] [21] [22] as well as by other undefined age-specific vulnerabilities. In addition, the age-related differential effects of stress on hippocampal neurons may be attributable to the fact that stressful signals reach and influence different neuronal populations in immature and adult brain. In other words, the specific neuronal populations that are activated by the stress signal and/or the type of signaling cascades that are elicited by the stress within these neurons may contribute to the influence of this signal on the function of the hippocampal network. In accord with this notion, the ability of stress signals to evoke transcription-factor phosphorylation in, for example, the hypothalamus, has been found to be age-dependent, 23, 24 and the sensitivity of stress-regulated genes to stress 'signals' is also a function of developmental age. [25] [26] [27] Therefore, it is reasonable to expect that differential involvement of hippocampal neurons by stress, or the differential activation of selective immediate-early genes or transcription factors by the stress signal, will result in distinct impact on hippocampal integrity and function.
Several potential mediators of 'psychological' stress-evoked modulation of hippocampal neuronal function have been demonstrated. Glucocorticoid hormones bind to their cognate receptors, primarily within hippocampal CA1, and elicit a large number of cellular responses. 28 These include changes of synaptic function and plasticity, 29, 30 dendritic remodeling 31, 32 and, in large amounts, neuronal injury. [33] [34] [35] More recently, activation of mineralocorticoid receptors has been found to mediate certain stress effects on the hippocampus. 36 A second candidate for mediating the effects of psychological stress on the hippocampus is CRH, because this peptide is involved in both systemic and brain-specific actions of stress. [37] [38] [39] [40] This 41 amino-acid peptide was originally isolated from the hypothalamus, where it is rapidly released from CRH-expressing neuronal populations in the paraventricular nucleus upon physical and physiological stress. 41, 42 In both mature and immature organisms of several mammalian species, the role of hypothalamic CRH in stress-evoked elevation of plasma glucocorticoids, via activation of CRH receptors within the pituitary gland, has been well established. 2, 25, 41, 43 Contribution of CRH to the effects of stress on neuronal function within the brain has also been delineated, and demonstrates age-dependent properties. For example, central administration of CRH activates neurons in the amygdala, contributing to anxiety-like behaviors 44, 45 as well as to memory consolidation. 46 The peptide modulates neuronal activity in amygdala in a complex manner 47 and, in larger amounts, can lead to hyperexcitability, a kindling effect, and seizures. 48, 49 A role for CRH as an effector mediating the complex effects of stress on the hippocampal formation has been emerging. The peptide is synthesized in subsets of hippocampal neurons 23, 50 and is released by stress into the synaptic space to activate CRH receptors. 51 Interestingly, the number and distribution of CRH-expressing interneurons within hippocampus is strongly age-dependent, and significantly higher in juvenile compared to mature rat. 23 Finally, recent support for the critical contribution of hippocampal CRH to the action of stress on hippocampal neurons has been provided by studying mice deficient in components of the CRHsignaling cascade (e.g. Coste et al., 52 Bale et al. 53 and Refojo et al. 54 ). Taken together, the facts mentioned above suggest that the age-related differential impact of stress on the hippocampal formation may involve age-specific mediators, activation of different neuronal population, initiation of age-specific molecular cascades within target neurons, or a combination of these processes. These possibilities were evaluated in the current studies. We found that stress-induced neuronal responses required CRH-receptor binding in both immature and adult rats. However, neuronal populations and intracellular mediators were differentially evoked in mature and juvenile hippocampus, likely contributing to the established age-specific nature and longevity of the effects of stress on the hippocampal network.
Materials and methods

Animals
Animals were studied at two ages: Immature rats were studied on postnatal day 18 (P18), when the density of CRH-expressing neurons in hippocampal pyramidal cell layers is maximal. 23 These were compared to mature (3-month old) adults. Sprague-Dawleyderived rats were born and maintained in a quiet, uncrowded, temperature controlled NIH approved facility on a 12 h light/dark cycle, with access to lab chow and water ad libitum. Litters were culled to 12 pups if necessary, and adults were housed individually. All experiments were in compliance with National Institutes of Health guidelines and were approved by Institutional Animal Care and Use Committee.
Experimental design: stress and surgical procedures Psychological restraint stress was imposed on P18 rats: Rats (n = 12) were placed in a restrainer (fashioned from a 50 ml plastic cylindrical tube) for 30 min. To evaluate whether the patterns of neuronal activation induced by psychological stress were model specific, an additional paradigm (n = 25) was used, which consisted of crowding (five animals in a cage measuring 25 Â 15 Â 10 cm ) and jostling by placing the cage on a Laboratory Rotator (model 1314; Laboratory-Line Instruments, Inc., Melrose Park, IL, USA). The rotator also provided a noisy environment. The neuronal populations activated by these two stress maneuvers were virtually indistinguishable, as was the temporal course measured using both the phosphorylated transcription factor CREB and the immediate early gene c-fos. Therefore, the data from these two groups were combined in the Results section. Adult rats (n = 18) were subjected to a 30 min restraint stress only, using Plexiglas restrainers. For both groups, controls consisted of littermates that were killed under relatively 'stress-free' conditions. 23 Briefly, rats were left undisturbed for 24 h prior to experiments, and were then deeply anesthetized with sodium pentobarbital (100 mg/kg intra-peritoneally) within 45 s of entry into the animal facility. Trunk blood was collected in all groups at the time of killing for analysis of plasma corticosterone levels by radioimmunoassay (ICN, Irvine, CA, USA) as previously described. 25, 55 The stress paradigms increased plasma corticosterone levels at both age groups to a similar degree (see Figures 4 and 5) .
Groups of stressed animals were killed at several time-points, to study the hippocampal neurons that are activated by the 'psychological' stress ( Figure 1 ). This neuronal activation was measured as the phosphorylation of the cyclic AMP responsive element binding protein CREB (pCREB), or the induction of the immediate-early gene c-fos. Groups of stressed animals were deeply anesthetized at 0, 15, 30 or 60 min after stress exposure for pCREB evaluation, and at 0, 30, 60, 90 or 120 min for analysis of c-fos expression (n = 5 for each time-point; Figure 1 ). In further experiments designed to fully define the time course of putative CREB phosphorylation in adult rats, six rats were killed at 0, 10 or 20 min from the onset of restraint stress, and the brains processed for pCREB analysis as described below ( Figure 6 ).
To investigate the role of CRH in the activation of hippocampal neurons by stress, groups of either immature or adult rats (n = 4-8) were infused with either a general CRH receptor blocker, -a-helical CRH, or a selective CRF 1 receptor antagonist, NBI 30775. Both compounds were infused into the lateral ventricle (icv), at doses of 15 mg in 1 ml, via cannulae implanted 6-7 days earlier under halothane anesthesia, as described previously. 56 After 30 min, the infused animals were subjected to the 30 min stress, then harvested immediately (for pCREB), or at 60 or 90 min later (for Fos), as shown in Figure 1 .
Tissue handling and immunocytochemistry (ICC)
Brains from animals perfused using fresh 4% paraformaldehyde in 0.1 M sodium phosphate buffer (PB, pH 7.4) were sectioned coronally into 20 mm thick slices using a cryostat, and ICC was performed on free-floating sections using the avidin-biotin complex. 23 Briefly, after treatment in 0.3% H 2 O 2 /PBS-T (0.01 M PB-saline containing 0.3% Triton X-100, pH 7.4) and blockade of nonspecific sites with 5% normal serum, sections were incubated in the primary antisera for 36 h at 41C. The antisera included rabbit anti-pCREB (1:4000, Upstate Biotechnology, Lake Placid, NY, USA), rabbit anti-Fos (1:40 000, Oncogene, Ab-5, PC 38), or goat anti-CRF 1 (1:10 000, Santa Cruz, CA, USA). After washes in PBS-T (3 Â 5 min), sections were incubated in biotinylated goat-antirabbit IgG (for pCREB and Fos, 1:200, Vector laboratories, Burlingame, CA, USA), or biotinylated rabbitanti-goat IgG (for CRF 1 ) for 1 h, followed by the avidin-biotin-peroxidase complex solution (1:100, Vector) for 2 h. The reaction product was visualized by incubating the sections in 0.04% 3,3 0 -diaminobenzidine (DAB) containing 0.01% H 2 O 2 .
Double-labeling ICC
Sections were processed for concurrent immunolabeling of CRF 1 and pCREB or Fos, as described. 23 Briefly, sections were first incubated with goat anti-CRF 1 (1:10 000), yielding a diffuse brown DAB reaction product. Sections were then exposed to rabbit antipCREB (1:4000) or anti-Fos (1:40 000), followed by the biotinylated second antibody and the avidin-biotinperoxidase complex solutions as described above. To visualize pCREB or Fos, sections were rinsed, transferred to 0.01 M PB (pH 6.6), then incubated in a buffer containing 0.025% sodium nitroprusside and 0.01-0.02% benzidine dihydrochloride (BDHC) for 5-10 min. The granular blue deposits were visualized by immersing the sections in fresh incubation solution containing 0.003% H 2 O 2 (3 min).
The pCREB antiserum was generated against an epitope consisting of the phosphopeptide (including Ser 133 ) portion of pCREB, and does not recognize non-phosphorylated CREB. The specificity of CRF 1 antiserum has been described. 57 
Statistical analysis
The effect of stress on corticosterone was determined using the Student's t-test with significance levels set at P < 0.05.
Results
In immature rat hippocampus, 'psychological stress' induces both pCREB and Fos A single 30 min 'psychological stress' resulted in a robust pCREB expression in hippocampal CA3, CA1 and the dentate gyrus (DG) in P18 rats (Figure 2 ). In stress-free animals, pCREB was virtually absent in the pyramidal cell layers (Figure 2a ), but was selectively expressed in the inner portion of DG granule cell layer (GCL) labeling immature granule cells, as previously described (Figure 2e ; Bender et al. 58 ). These immature granule cells do not express the CRF receptor CRF 1 (Figure 2e and f) , and the stress-independent expression of pCREB within these neurons delineates a postmitotic, not fully differentiated stage of their maturation. 58 At the termination of the 30-min stress period, robust pCREB expression was evident in CA3 and CA1 pyramidal cell layers (Figure 2b ). This CREB phosphorylation reached its maximum at 15-30 min (Figure 2c and d) . The signal was drastically diminished by 60 min after the end of stress. As shown in the 15 min group (Figure 2f and g ), stress-induced pCREB expression was largely confined to CRF 1 -bearing neurons.
The 'psychological stress' also resulted in a strong Fos expression in hippocampal CA3 (Figure 3 ). Fos expression was not detected in stress-free immature hippocampus (Figure 3a) . Stress-induced Fos expression was reliably detected in CA3 pyramidal cell layer and occasionally in CA1 at 30 min after stress termination (1 h after stress onset), and reached its maximal intensity and density at 60 min after stress termination (Figure 3d ), then diminished progressively ( Figure 3f ). As shown in the higher magnification photomicrograph double-labeled for Fos and CRF 1 , stress-induced Fos expression in CA3 was most prominent in CRF 1 -expressing neurons (Figure 3e) . Note that only a subset of neurons within the principal cell layer expressed Fos, even at peak response, and little Fos expression occurred in the DG GCL (Figure 3d) .
In immature hippocampus, CRF 1 antagonists block stress-induced pCREB and Fos expression To investigate whether hippocampal CRH was involved in stress-induced neuronal activation in this structure, we infused a general (a-helical CRH) or a CRF 1 -selective (NBI 30775) CRH receptor antagonists into left cerebral ventricle (icv) 30 min prior to the onset of stress, then examined the patterns of pCREB and Fos expression. To exclude the possibility that the antagonists diffused systemically and inhibited pituitary CRH receptors (and hence, the stress response) plasma corticosterone levels were analyzed.
As shown in Figure 4c , the acute psychological stress robustly elevated plasma corticosterone levels in both saline-infused and CRF 1 antagonist-infused rats, compared with stress-free controls (P < 0.05). This indicates that the icv administration of the CRF 1 antagonists did not interfere with the systemic response to the stress. However, stress-induced pCREB as well as Fos expression was largely abrogated in CRF 1 -antagonist treated animals. Comparing Figure 4a and b demonstrates a striking reduction of pCREB signal in the pyramidal cell layers in CA3 and CA1, as well as in the stresssensitive, mature granule cells of DG, which are located within the outer portion of the GCL. The stress-independent expression of pCREB in the inner layer of immature granule cells was minimally affected. Weak remaining signal is shown in the inset of Figure 4b . A similar response to blocking of CRH receptors occurred for Fos, with virtual elimination of the stress-evoked expression (Figure 4d and e) . Data for the general CRH receptor blocker resembled those for the selective CRF 1 antagonist, and are presented for the Fos expression only (Figure 4f ). Taken together, these data indicate that activation of the CRF 1 receptor is required for stress-induced neuronal activation in immature hippocampus by central (likely hippocampal 59 ) CRH.
In mature hippocampus, 'psychological' restraint stress induces Fos, but not pCREB expression, that is blocked by CRF 1 antagonist Expression of pCREB expression was present constitutively within numerous hippocampal neurons even in the 'stress-free' 3-month-old rat (Figure 5a ). These included both principal cells and interneurons, as well as many granule cells. Exposure to a 30-min restraint stress did not influence pCREB expression appreciably. Not surprisingly, infusion of CRH receptor blockers or saline vehicle to stressed rats also led to no discernible alteration of pCREB expression (Figure 5b and c) . Analysis of plasma corticosterone levels confirmed that the restraint stress elicited a robust hormonal response, and, as in the immature rat, affirmed that central administration of the antagonists did not abolish the peripheral hormonal response to stress (Figure 5d ). To consider the possibility that the time course of pCREB expression in the adult hippocampus in response to stress was more rapid than that observed for the juvenile hippocampus, groups of animals were evaluated also at early time-points after the onset of the restraint stress, that is, 10 and 20 min (Figure 6a ). As shown in Figure 6 , pCREB was not enhanced above the stress-free levels at any of the early timepoints evaluated. These data do not support the possibility that stress leads to a rapid, transient pCREB expression in hippocampal principal cell layers.
These data raised the possibility that a 30-min restraint stress, though sufficient to provoke a hormonal stress response, does not engage the hippocampal formation of mature rats. To evaluate this possibility, Fos expression was examined in adult animals exposed to this stress. This immediate-early gene was strongly induced by the stress (Figure 7 ), but with a pattern distinct from that in the immature hippocampus (see Figure 3) . Fos expression in adult occurred primarily in CA1. A few Fos-positive cells were visible already at the termination of stress (inset, Figure 7b ). However, robust Fos expression in CA1 was present at 90 min after the termination of the stress (Figure 7e) , when a weak signal was found in the CA3 pyramidal cell layer as well. Fos expression was confined primarily to CRF 1 expressing neurons in CA1 (Figure 7h) , and was abolished by infusion of CRF 1 antagonist NBI 30775 30 min prior to stress onset (Figure 7i ).
Discussion
The major findings of this study are: (1) Hippocampal neurons are activated during 'emotional' stress, such as restraint, in both immature and adult rat. vated hippocampal neurons at both ages, but the cell populations involved overlap only partially. (4) Stress-evoked neuronal activation in hippocampus is eliminated by pre-treatment with general or selective CRH receptor antagonists in both immature and adult rat. Taken together, these data suggest that stress engages different mechanisms to influence immature and adult hippocampus, though at both ages CRH receptors are involved. In particular, selective, robust phosphorylation of the transcription factor CREB by stress in developing hippocampus may herald initiation of transcriptional events that contribute to the enduring effects of early-life stress on hippocampal function. Figure 1 for the time-plan of antagonist infusions). (d) The restraint is a significant stress, leading to an increase in plasma corticosterone levels, and this stress-evoked glucocorticoid secretion is not influenced by icv infusion of saline, NBI 30775 or a-helical CRH, suggesting that central infusion of CRF 1 antagonists does not block the peripheral stress response. Scale bar = 720 mm (a-c). Whether stress influences hippocampal function and structure is an important question to human health for several reasons. First, correlational and epidemiological studies have implicated stress in human disorders that involve the hippocampus, including dementia, 60,61 depression, 62, 63 and schizophrenia. 13 In addition, genetic predisposition accounts for only a fraction of diseases -such as Alzheimer's -where hippocampal dysfunction is profound. 64, 65 The possibility that experience, including stress, may contribute to human neurodegenerative disorders associated with major hippocampal dysfunction has therefore received much interest. In addition, early-life stress may impact the hippocampus to a greater degree than stress later in life.
2,4,9 For example, early-life neglect or abuse have been correlated with reduced hippocampal volume, 66 as well as reduced cognitive function 67 that may emerge later in life. 61 However, human studies, including those cited here, are correlational, posing the difficulty of dissecting out the specific effects of stress from those of genetic background and many other confounding variables.
Using animal models, profound effect of acute (as well as chronic) stress on the function of adult hippocampus have been described (e.g. Kerr et al. 68 and Luine et al.
69
). These studies demonstrated stressevoked activation of immediate early gene expression, as well as electrophysiological and behavioral changes (e.g. Kim and Diamond, 30 Pavlides et al., 70 Alfarez et al. 71 and Blank et al.
72
). Patterns of Fos expression after stress in adult hippocampus have been described by several groups at both mRNA and protein level, [73] [74] [75] [76] and others have distinguished the effects of novelty from those of stress per se. 77, 78 The effects of stress on hippocampal neurons during development have been less studied. 79 This is somewhat surprising, because both human and animal model studies suggest that the consequences of earlylife stress on the function and structure of the hippocampus might differ significantly depending on the age at which the stress is experienced.
Here, we find both important commonalities as well as interesting differences between pCREB and Fos expression in hippocampal neurons in response to stress. The significance of these differences merits discussion. First, both mature and juvenile (P18) hippocampal neurons were activated in response to acute stress, suggesting that this structure is clearly within the 'circuit' involved in perception and response to acute stressful situations. The stresses used here involved restraint and noise/restraint at both ages. Whereas is it possible that the results of the current studies might be stress-specific, the selective Fos induction in CA1 of adult rats is in agreement with those reported by other groups. For example, Cullinan et al. 73 found a similar Fos induction in CA1 after both restraint and swim stresses, and Abraham and Kovacs 80 distinguished the effects of 'psychological' restraint stress from that of a physical stressor, ether exposure, that did not activate the hippocampus. In addition, the possibility that the restraint is not perceived as stressful either in adult or in immature rats is unlikely, because at both ages this treatment led to robust, and comparable, increases of plasma glucocorticoids (Figures 4 and 5) .
The molecular mechanisms by which stress activates hippocampal neurons are not fully understood. The relationship of pCREB and Fos, in particular, in the cascade of events initiated by cellular calcium entry has been a focus of intensive research (see Hardingham and Bading 81 for review). In the context of the current work, Fos expression may be evoked by CREB-dependent and CREB-independent pathways, that, in turn, are governed by the route of calcium entry and other less well understood signals. The ability of stress to induce Fos expression, without pCREB changes, in adult hippocampus suggests that a pCREB-independent pathway is involved. However, the congruence of pCREB and Fos in the immature hippocampus does not necessarily imply that the former is causally involved (or 'upstream') of the latter. CREB phosphorylation may occur in addition to, and not necessarily as a pre-requisite for, Fos expression. Indeed, a general divergence of pCREB and Fos expression in response to sensory stimulation ('experience') in the immature rodent has recently been described. 82 At both ages, blocking CRH receptors within the hippocampus, and without interference with systemic glucocorticoid release, abrogated the ability of the 'psychological' stress to activate hippocampal neurons. This, supported by the fact that many of the activated neurons in the hippocampal formation expressed the CRF 1 receptor, points to a substantial role of CRH receptor activation in the transduction of stress signals within the hippocampus. Indeed, a role for CRH in stress-evoked neuronal changes has been suggested, 40, 43, 56, 83 in addition to the well established and robust effects of glucocorticoids. 1, 28 It should be noted that in the current study, we chose to use Fos and pCREB as markers of neuronal activation. These are likely to respond to CRH, because they involve cAMP-mediated mechanisms, which are likely to be induced by activation of the G-protein coupled CRH receptor CRF 1 . 37 This study was not designed to consider all of the potential molecular cascades that might be evoked by stress, including those related to GR and MR binding by glucocorticoids. The latter exert genomic and nongenomic effects on a wide spectrum of molecules, eventually leading to electrophysiological, functional and structural alteration of neurons. 1, 29, 30 These changes also largely occur at a longer timescale, and whether these GR/MR mediated changes are also age-selective is a topic that deserves further study. Here we considered relatively rapid activation at the minute-to-hour timescale, of hippocampal neurons by acute stress, and relied on molecular processes that are readily detectable. 73, 84 The current study finds that different neuronal populations express c-fos in response to stress in adult vs juvenile hippocampus. The potential functional consequence of these findings is not immediately clear. Electrophysiological studies suggest that stress alters synaptic plasticity in both CA3 and CA1, but the responsible mechanisms are extremely complex and involve pre-and postsynaptic elements in both regions. 22, 30, 70 The absence of Fos activation in CA3 in adult neurons is particularly notable, and it is tempting to speculate that this might be a neuroprotective mechanism: Stress 35 as well as large doses of CRH may injure and kill hippocampal CA3 neurons in developing hippocampus. 49, 85 The absence of this activation in the adult might prevent hyperexcitability and excitotoxicity of this neuronal population.
Finally, the age-selective activation of pCREB in immature hippocampus is intriguing. Stress early in life influences hippocampal function in an enduring manner. During early postnatal life, psychological stress, including recurrent separation 86 interferes with learning and memory later in life. More recently, longer psychological stress during the first/second week of life has been shown to abolish long-term potentiation and provoke impaired learning and memory during middle age. 22 This was associated with altered expression of several hippocampal genes, including the gene for CRH itself (Brunson et al. 56 and unpublished data). Remarkably, the CRH gene is regulated by CREB, via a CRE in its promoter. 87 Thus, stress-evoked CREB phosphorylation may set in motion a program of altered expression of CREregulated genes, which might influence the structure and function of the hippocampus long-term. Whether this is indeed the case will require future studies.
In summary, acute 'psychological stress' engages the hippocampus in both juvenile and adult rat, leading to age-specific patterns of neuronal activation and distinct cascades of intracellular events. The phosphorylation of the transcription factor CREB selectively in the developing hippocampus suggests a mechanism for the long-lasting effects of early-life stress on the hippocampal formation.
